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Introduction
Two sensors on-board Terra satellite platform, the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) and the Moderate Resolution Imaging Spectroradiometer (MODIS), are widely used in the remote sensing research.
Both provide georectified, atmospherically-corrected surface reflectance data, which require no other basic processing for their application users to perform. 1, 2) ASTER system has a high spatial, spectral and radiometric resolution. In particular, narrow-band multi-spectral images are obtained in shortwave infrared (SWIR) regions, which is useful for various fields of remote sensing, such as minerals. The SWIR radiometer detects reflection from the Earth's surface or emission from hot fields in the wavelength regions of 1.6-2.43 µm with a ground sampling distance of 30 m in a pushbroom mode. 3, 4) MODIS system has a high spectral, radiometric resolu- tion and very wide observation swath. It has a lower spatial resolution, 500 m in shortwave infrared. However, a 55-degree scanning pattern at the Earth Observing System (EOS) orbit of 705 km achieves a 2,330-km swath with the whiskbroom scanning system and provides global coverage every one to two days. 5) Table 1 and Table 2 6, 7, 8) show the passbands of ASTER and MODIS. Some bands of the two sensors observe the similar wavelength regions. The difference in radiance of the two sensors is attributable to sensor characteristics and calibration, which should be identified before the synergistic fusion.
In this work, comparison between ASTER and MODIS are discussed first, and correction of stray light of ASTER image with MODIS image are indicated. MODIS images, which are free from stray light and have a wider swath, are useful for correction of the stray light phenomenon of ASTER. The stray light on the periphery of ASTER is corrected.
Description of Stray Light Correction Model

Selftalk
There are two kinds of stray light phenomenon, selftalk 2) and crosstalk 3) . Selftalk is that light incident to a band is reflected and transported to itself. Crosstalk means stray light transported other bands. First, selftalk correction model is formulated. Correction of selftalk is necessary for comparison between ASTER and MODIS images.
Due to propagation of the stray light, the image pattern is diffused and added to band image itself. The selftalk component is approximated by the convolution of the original image with a blurring function.
Assuming that the transport mechanism of stray light is multireflection with the cosine law, the Gaussian approximation of the stray light pattern is used, which is validated in the next section. The blurring kernel makes it difficult to correct images on the periphery.
In Eq. (1) Finally, the selftalk correction is written aŝ
Crosstalk
MODIS images are also useful for correction of crosstalk. Figure 1 shows that crosstalk ghost around the island blurs and influences large area of the image. This means that correction of crosstalk requires radiance information in large area.
In the case of ASTER SWIR, crosstalk from band 4 is the strongest among crosstalks in SWIR because the input radiance to band 4 is about five times higher than those to other bands. For this reason, it is sufficient to consider the crosstalk phenomenon from only band 4 to other bands at the first approximation. Image observation model is written as
In Eq. (4), band 4 image s 4 (x, y) can be represented by MODIS image m 6 (x, y) which observes the similar wavelength region. However band 4 image is brighter than MODIS image at the low reflectance area, because light incident to band 4 includes selftalk. Thus, band k image is shown as
The radiometric coefficients should be changed after crosstalk correction as well as selftalk correction. In crosstalk correction, correction of sensitivity is more complex. The sensitivity factor is defined as
The true sensitivity without the crosstalk phenomenon SensitivityTrue k is obtained by
The sensitivity correction factor f k is defined as
Using the above relationship, the crosstalk correction is written aŝ 4)). Ghost component estimated from ASTER itself and that produced from MODIS are plotted. The number of pixels of the ghost component estimated by ASTER is larger than that by MODIS in low radiance. This is because the mismatch between the observed radiance of ASTER and MODIS influences estimating ghost. Correction of stray light requires that these histograms is matched with each other. Figure 4 shows crossplots of ASTER vs MODIS radiances. MODIS Level-1B images are resampled on UTM coordinate. The horizontal position of MODIS and ASTER images is adjusted by pattern matching using the normalized correlation coefficient. Since the resolution of MODIS image is larger than that of ASTER, the resolution of ASTER image is fitted to that of MODIS image in the radiance comparison. Thus we can overcome influence of the mixed pixel problem.
Results and Discussion
Selftalk correction and radiance comparison
The following equation is approximated for first-order by least square method. 2) s 4 (x, y) = 0.910 × m 6 (x, y) + 3.803 (10)
This relationship is applied to selftalk correction. In Eq. (3), MODIS image m(x, y) is represented by the above equation. Figure 3 (b) shows histograms estimated ASTER itself and MODIS after applying the above relationship. Ghost components estimated by MODIS and ASTER coincide well. Figures 5 (a) and (b) show the images before/after selftalk correction, which are enhanced by stretch. This shows that the selftalk correction using MODIS works well at the sea near the seashore where the difference in the reflectance is very large between the sea and the land. Figure 6 shows cross sectional profiles of bands 4 before/after correction across the cross section defined in Fig. 2 . This graph also indicates that selftalk ghost near the seashore disappears. Figure 7 shows the image of ASTER band 5 expressed in a Level-1B DN. This is the same area as Fig. 2 . on the same date.
Crosstalk correction
Crosstalk correction also requires compatibility between ASTER and MODIS. In Eq. (4), the radiance of ASTER band 4 image s 4 (x, y) is adjusted by Eq. (10). Figure 8 shows ratio images of band 5 relative to band 4 before/after crosstalk correction colored up with false color. The crosstalk component appears at the north seashore arrowed in the image. The opposite side of the seashore does not suffer greatly from the crosstalk phenomenon. In the case of band 5, ghost appears at the north of the land, whereas ghost appears at the south of the land in the case of band 9. This is because band 5 and band 9 detectors are on the opposite side of band 4 detectors. Figure 9 shows cross sectional profiles of band 5 before/after crosstalk correction. The cross section is defined in Fig. 7 . It is found that the DN values at the seashore are mainly corrected by the crosstalk correction. Since the coastal line is clearer in the corrected images and changes similarly to that on the opposite seashore, correction of stray light with MODIS image works well. 
Conclusion
The TOA radiance of ASTER is compared with that of MODIS. ASTER data is brighter than MODIS at the low reflectance areas. Furthermore, the sensitivity of MODIS is higher than that of ASTER.
By adjusting the relationship between the radiances, correction of stray light with MODIS image works well. The present algorithm using MODIS makes it possible to correct ASTER imagery up to the periphery.
